Aim of the Study mTOR inhibitors are showing promising results in the management of vascular anomalies. Although current controlled trials remain to be completed, many individual experiences are being published. We present our series of children with complex vascular anomalies treated with sirolimus.
Introduction
Vascular anomalies include a heterogeneous group of disorders. In 1996, the International Society for the Study of Vascular Anomalies (ISSVA) reviewed the classification first created by Mulliken and Glowacki in 1982, 1 distinguishing vascular malformations from vascular tumors by their clinical, biological, radiological, and pathological features. 2 The classification was updated in 2014, describing new discovered genetic characteristics.
3
Vascular anomalies are usually treated only when symptomatic or complicated, in the context of a multidisciplinary team. Among vascular malformations, capillary malformations (CMs) are usually treated with pulsed-dye laser as first option. Venous malformations (VMs) and lymphatic malformations (LMs) are mainly managed with bleomycin sclerosis and/or surgical resection. The combination of embolization and surgical resection remains the gold standard to achieve successful control of arteriovenous malformations (AVM). Propranolol is 99% successful in the treatment of infantile hemangioma, while the association of vincristine, ticlopidine, and aspirin are commonly use to normalize the platelet count in patients with Kasabach-Merritt phenomenon associated with kaposiform hemangioendothelioma (KHE) and tufted angioma. 4 For patients with complex vascular anomalies not responding to conventional therapies, mammalian target of rapamycin (mTOR) inhibitors have been explored as a therapeutic option in the last years.
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mTOR is a serine threonine kinase regulated by phosphoinositide 3 kinase (PI3K) and protein kinase B (Akt). The PI3K/Akt/ mTOR pathway is the basis for cell growth and proliferation, and it also increases expression of the vascular endothelial growth factor (VEGF), regulating as well angiogenesis and lymphangiogenesis. mTOR inhibitors directly inhibit mTOR, blocking downstream protein synthesis and presenting antitumoral and antiangiogenic effect. 6 The best known mTOR inhibitors are rapamycin (sirolimus) and the so-called rapalogs (temsirolimus, everolimus, and deforolimus), which were created to improve the pharmacokinetic features of rapamycin. Sirolimus is a macrocyclic lactone produced by Streptomyces hygroscopicus, first discovered in 1970s as an antifungal drug and first used in 1990s as an immunosuppressant. It has been mainly used to prevent organ rejection in kidney transplants in patients older than 13 years, and for this indication it was approved by the Food and Drug Administration (FDA) in 1999 and by the European Medicines Agency (EMA) in 2001. Sirolimus also has indication for coronary stents to prevent restenosis and for lymphangioleiomyomatosis. In addition, mTOR inhibitors are being used as orphan indications for soft-tissue and bone sarcoma, advanced lymphoma, neuroendocrine tumors, renal cell carcinoma, gastrointestinal stromal tumors, tuberous sclerosis (facial angiofibromas, renal angiomyolipoma, subependymal giant cell astrocytoma), 7 uveitis, β-thalassemia, and pachyonychia congenita.
8 mTOR inhibitors are also showing promising results in the management of vascular anomalies, including LM, VM, and KHE, among others. Although current controlled trials remain to be completed, many individual experiences are being published. We present our series of children with complex vascular anomalies treated with sirolimus.
Patients and Methods
A retrospective review of 41 patients treated with sirolimus at our Vascular Anomalies Unit between January 2011 and December 2015 was performed.
We collected data on characteristics of patients, type of vascular anomaly, location and wideness of lesions, symptoms, associated complications, type of mTOR inhibitor administrated, dosage, length of treatment, efficacy, and side-effects. A data table was established for each patient.
Patients were diagnosed by physical examination and imaging studies, mainly magnetic resonance and computed tomographic scan.
When symptomatic, patients received treatment according to the type of vascular anomaly, and only when failure of response or worsening of the symptoms, patients were offered the possibility of treatment with sirolimus. Before starting treatment with sirolimus, patients were evaluated, seeking through their medical record for any pathologies that could be a risk for the treatment. If found, they were not validated for the treatment.
Therapy with sirolimus was initiated at the recommended dose of 0.8 mg/m 2 /12 hour, based on dosage experience for prevention of graft rejection in kidney transplantation.
Patients were followed up to assess evolution under therapy and appearance of any side effect. Efficacy criteria was accepted as resolution of symptoms or reduction of size of the lesion, naked-eye or by imaging. Partial response was defined as improvement of symptoms and reduction of the lesion, but persistence of the anomaly. Complete response was defined as disappearance of symptoms and lesion, without visualization of the anomaly by imaging. A descriptive analysis was performed. Data are expressed in percentage from total and medians with their ranks. A literature review was also performed. Electronic databases (PubMed and Medline) were systematically searched for articles in English and Spanish languages referring to the use of systemic mTOR inhibitors in vascular anomalies, with the terms: "vascular anomalies," "vascular malformations," "mTOR inhibitors," "Sirolimus," "Rapamycin," "venous malformation," "lymphatic malformation," "arteriovenous malformation," and "kaposiform hemangioendothelioma."
Results

Characteristics of Patients
We reviewed 41 patients with vascular anomalies who were treated with sirolimus. There was female predominance (1.4:1) and median age was 12.8 (0.16-47) years.
Among vascular anomalies, 15% (n ¼ 6) had vascular tumors (4 KHEs, 1 PTEN hamartoma tumor syndrome) and 85% (n ¼ 35) had vascular malformations ( Besides the evident aesthetic issue, every patient was symptomatic at some point: with pain, deformity, and coagulopathy (elevated D dimmer) in VMs; with deformity and upper airway obstruction signs in some large cervical LMs; with chylothorax, respiratory failure, and osteolysis progression in generalized LMs like GLA or GSD; with ulceration and bleeding in some AVMs; and with low platelet count (Kasabach-Merritt phenomenon) in KHE.
Treatment
All patients had undergone previous therapy for their vascular anomaly, with partial or no response at all. Sirolimus was given in all cases (100%), none of the other mTOR inhibitors was used. It was given by mouth twice a day, at initial dosage of 0. 
Efficacy
Overall successful response rate was 80.4% (33/41) of cases, presenting improvement in radiologic imaging and reduction in symptoms, at a median time of 10 (1-16) weeks. No patients had complete response. Sirolimus was withdrawn in 14 patients. Two of them, after showing response decided to reduce dosage gradually, worsened and therefore restarted therapy. Eight had no response (four AVMs, one GSD, one LM, one KLA, and one unknown vascular tumor) and four were lost to follow-up.
Safety
Sirolimus was well tolerated, even in neonates, with insignificant side effects. One patient presented with hyperlipidemia and increased liver enzyme levels, needing associated treatment with statins. Another patient developed lymphopenia and an opportunistic infection, not needing to drop the treatment. No patients worsened on therapy. One patient with severe KLA died during treatment, in the context of respiratory failure due to bilateral chylothorax. Results are summarized in ►Tables 1 and 2.
Discussion
Several case reports and retrospective case series have been published on the use of sirolimus for the treatment of vascular anomalies, with good response and few adverse effects, but they have no standardization or criteria about effectiveness or toxicity. There are also no reference groups and no metaanalysis can be performed. Significant bias in the published literature must be taken into account: patients and conditions are heterogeneous, dosage is not stablished, and it seems that only successful outcomes and not failures are reported.
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Most reports about the use of mTOR inhibitors in vascular anomalies prefer sirolimus over other rapalogs. We too decided to use sirolimus because experience is larger with its use and the cost is less. We designed our therapy based on experience about efficacy and safety of sirolimus in kidney transplants at our institution. Sirolimus dosage for vascular anomalies is commonly started at 0.8 mg/m 2 /12 hour (1.6 mg/ m 2 /24 hour). In kidney transplantation, first it is administered a loading dose of 3 mg/m 2 /24 hour and after that a maintenance dose of 1 mg/m 2 /24 hour. Sirolimus in renal transplantation is associated with cyclosporine, which induces greater absorption of sirolimus; therefore, a slightly higher dose is needed for maintenance in vascular anomalies. Therapeutic range of sirolimus is also based on kidney transplants which usually accept levels between 4 and 12 ng/mL at the initiation treatment and levels of 12 to 20 ng/mL for maintenance treatment. For vascular anomalies, a range between 5 and 15 ng/mL is it is often considered sufficient.
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For kidney transplantation, sirolimus must maintain immunosuppression levels, but it has been suggested that it would not be necessary to achieve those levels for vascular anomalies therapy. It is also important to note that neonates and younger children may require lower doses to achieve therapeutic levels, always associating therapeutic drug monitoring to avoid toxicities. Treatment with sirolimus is usually well tolerated with side effects that can be controlled with other associating treatments or decreasing sirolimus dosage. There is no agreement about how long should a patient be treated (current choices are center specific) and when the treatment can be stopped or if it should be done gradually. Two of our patients who showed response and abandoned the treatment presented for recurrence and reintroduction of sirolimus was needed.
Based on experience on renal transplantation, it may be assumed that we understand how to use sirolimus in the context of vascular anomalies, although at which dose and for how long are still not established. Recent reviews about the compulsive use of sirolimus in vascular anomalies stated that it is a valid therapy in refractory cases to standard care. But not every vascular anomaly responds the same way, and some of them seem to not respond at all.
Infantile hemangiomas usually regress satisfactorily without intervention and the ones that need therapy are responding truly well to propranolol. But there may be some complicated cases which need another therapies. A case of and this has led to further investigation in the pathogenesis of infantile hemangiomas and the role of sirolimus in its response.
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Kasabach-Merritt phenomenon in the context of KHE or other vascular tumors and its great response to sirolimus have been repeatedly reported in the literature, 12, 13 thanks to the inhibition of lymphangiogenesis, it blocks platelet trapping. Localized LMs can be controlled with sclerotherapy and surgical resection, but sometimes large LMs involving critical areas may respond better to sirolimus, which is less aggressive.
14 Complex lymphatic anomalies with visceral and bony disease like GLA and GSD are resistant to other therapies but have shown good response to sirolimus, and recently it has been suggested that associating zoledronic acid might even improve the results.
15
There had been mixed results concerning VMs and very bad results when talking about AVMs, as our own results confirm it. 16 Nevertheless, the French group who performed the world's first partial face transplant on a living human in 2005 is currently developing a prospective evaluation of the efficacy of sirolimus in the treatment of severe AVMs, still in process of recruiting patients. Besides mTOR inhibitors, there are other therapies emerging for the treatment of vascular anomalies, such as bevacizumab or sildenafil, but currently they have not presented similar promising results as sirolimus.
17,18
Conclusion
Sirolimus has become a new therapeutic option for patients with vascular anomalies that are refractory to standard care. Based on experience of prevention of graft rejection in renal transplantation, a safe and effective treatment can be achieved for vascular anomalies. Unfortunately, important questions as what is the most appropriate dosage and for how long should the patient be treated remain unanswered. Although many successful reports have been published, it seems that AVMs do not usually respond to sirolimus, while the other vascular anomalies have presented better outcomes, but we still do not know which ones are more likely to respond.
An international registry followed by customized controlled trials is mandatory to clarify the future of this therapy.
